In a liquid containing gas bubbles the speed of sound is less tham that in each phase separately. Using the equations of motion for a hõmogeneous liquid containing gas bubbles it is shown that the dominating attenuation of an infinitesimal disturbance is that due to the second viscosity. In the propagation of a finite compressive disturbance an expression for the time required for the disturbance to displaty shock characteristics is found in terms of the initial disturbanee profile and the liquid-gas ratio. § 1. Introduction. Mallock 1) evaluated the speed of sound in a liquid containing gas bubbles assuming Boyle's law held for the gas. For a ]arge range of conditions he showed that the speed of sound was less than that of the liquid or the gas separately. Hsieh and Plesset 2) repeated the evaluation of the speed of sound hut restricted themselves to the region where the ratio of the masses of gas to liquid was Small, and they found the attenuation of an inIini/esimal ware, due to heat conduction. Campbell and P it c h e r ~) considered the0retically and experimentally the motion and collision of fu]ly developed shock waves in such a mixture.
Summary
In a liquid containing gas bubbles the speed of sound is less tham that in each phase separately. Using the equations of motion for a hõmogeneous liquid containing gas bubbles it is shown that the dominating attenuation of an infinitesimal disturbance is that due to the second viscosity. In the propagation of a finite compressive disturbance an expression for the time required for the disturbance to displaty shock characteristics is found in terms of the initial disturbanee profile and the liquid-gas ratio. § 1. Introduction. Mallock 1) evaluated the speed of sound in a liquid containing gas bubbles assuming Boyle's law held for the gas. For a ]arge range of conditions he showed that the speed of sound was less than that of the liquid or the gas separately. Hsieh and Plesset 2) repeated the evaluation of the speed of sound hut restricted themselves to the region where the ratio of the masses of gas to liquid was Small, and they found the attenuation of an inIini/esimal ware, due to heat conduction. Campbell and P it c h e r ~) considered the0retically and experimentally the motion and collision of fu]ly developed shock waves in such a mixture.
This note uses the equations of motion of the mixture to obtain for reference M all o ck's results except that, in the following, the adiabatic, rather than the isothermal, speed of sound in the gas is the limiting case. The attenuation of an infinitesimal disturbance due to the bulk or second viscosity of the liquid-gas mixture is evaluated and it is shown that, unlike the pure gas case, the attenuation due to heat conduction is negligible in comparison. The propagation of finite amplitude waves is considered and an expression is found for the time required for a compressive wave to develop shock ware features, as a function of the liquid-gas ratio and the initial disturbance profile. § 2. Equations o/moHon. The mixture of most interest is that of liquid-gas components consisting of a liquid, in which gas bnbbles are uniformly distributed which are small enough so that the resulting mixture may be considered homogeneous and isotropic. The bubble size taust be small compared with any disturbance. This condition implies that the mixture acquires the property of a foam as the proportion of gas increases.
Denote the liquid and gas components by suffixes 1 and 2 respectively, and the volumes, masses and densities by V1, V2, M1, M2 and pl, p2. Introduce
The homogeneous mixture density, p, is given by
the coefficient of heat conduction, K, by
the specific heat, c, by
where c2 is the specific heat at constant volume. The second viscosity a) #, is particularly important in liquid-gas mixtures. T a y 10 r a) and Davies 6) have shown that
where #l is the shear viscosity of the liquid, and y the ratio of the effective compressibility of the gas to that of the liquid. The equations of motion for the mixture are
dT
where v is the veloeity, o the vortieity, p the pressure, T the temperature, R2 the gas constant, F1 the equation of state for the liquid and p, K, c and #' given by equations (2)- (5). The omission of #1, in comparison with #' in the last term of (7) is consistent with the derivation of #', given by (5) . 
The governing equations are now (16), (18), (19) and (20), the last three being the linearised form of (6), (7) and (8), namely,
ôt av Po
at po 1 ~. Po
d ôt KTo
where d, the effective thermal conductivity is given by
poc and X, the viscous term by
From (16), (17), (18), (19), the v-equation is
where V2 is the ratio of specific heats of the gas. If the liquid acts as a constant temperature reservoir, (9) may be taken as p -Po = l(p -po)/po, which, from (13), gives l
Po
where l is the elasticity of volume. In the above expression for «, bi~a1 is zero*) and If we neglect the viscous term for the present (it is discussed in § 4) then the isothermal limit gives the right hand side of (23) zero: that is Over a large range of interest ~ ~ 1 and ci/c2 is O(1) and from (24) ~ 1. Thus in the range where the mixture is distinctly that of a liquid with a distribution of bubbles (rather than a foam) Ca --c~ and the speed of sound is effectively the isothermal speed of sound. However, if ~1 -+ c~, (27), (24) and (17) give Cc, = 72P/po2 which is the adiabatic speed of sound in the gas. In iact, as we see below in § 4 the speed of sound is strictly the adiabatic speed of sound, but as shown above over a wide range this differs negligibly from 
The x-component of (23) gives
where ~ = #'~po and the #1 contribution in (22) has been neglected compared with the #' contribution, conslstent with the derivation of (5) In the pure gas case the second order effects due to the viscosity and heat conduction are comparable. To consider these effects, put (g
where s is a small correction. Equation (29) gives
*) It appears as a correction because we assumed in (30), « ~ 1.
where 0)81/Ci, 0)äaeh/Ci, 0)2ev/C i are defined by (31) and represent respectively, the correction to the velocity of propagation due to «*), the attenuation due to heat conduction and viscosity. Unlike the pure gas case aeh ~ ev. Fig. 1 gives these attenuation factors for varying ~, and it is seen that the heat conduction correction is a third order effect and in general is less than for the corresponding pure gas case.
As 
where in this case co = ca from (27). 
al ~<F <~;ùs and from (35) it is clear that a shock ware appears in a mixture in a shorter time than if the same wave were propagated in the pure gas. when ~ = 0.2. The form if the wave were propagated in the gas alone is given for reference. In the above, the mixture, for small values of ~, may be thought of as a Iluid containing a uniform distribution of voids or regiÓns of small density. The case where the Iluid contains a uniform distribution of regions of high density (with the equivalent of a small ~) has recently been studied by S aIfman 7) Irom a stability point of view. In view of the comparatively large second viscosity in the liquid-gas mixture a stability study in this case would also be of interest. The problem with a shock ware in a dusty gas considered by Carrier s) has analogy with the Campbell and Pitcher work.
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